Introduction
Hepatozoon canis (Apicomplexa, Adeleorina, Hepatozooidae) is a tick-borne pathogen that belongs to a diverse group of parasites which includes approximately 340 species that infect a wide range of vertebrates, such as mammals, birds, and reptiles (1) . Canine hepatozoonosis was first described in India by a British medical officer in 1905 (2) and since then has been identified worldwide, with H. canis and Hepatozoon americanum, being of clinical importance for dogs (3) . These two species differ in geographical distribution, pathogenicity and definitive invertebrate host (4) . Hepatozoon americanum, is found in the Southern USA and causes severe, and often fatal, disease whereas H. canis is present in tropical and subtropical areas globally (5).
The life cycle for H. canis begins with the ingestion of infected ticks, containing sporulated oocysts, by the canine host. Sporozoites are released in the gut, penetrate the intestinal epithelium, and disseminate via lymphatics or blood vessels to the haemolymphatic tissues (including bone marrow, spleen, and lymph nodes) where they undergo merogony.
Merozoites are subsequently released and invade leukocytes (neutrophils and monocytes) forming gamonts. Gamonts are ingested by ticks during blood feeding, undergo a sexual stage, and form oocysts (4, 5) . While Rhipicephalus sanguineus (brown dog tick) is considered to be the main vector of H. canis, other tick species have been confirmed as definitive vectors for this parasite including Amblyomma ovale and Rhipicephalus turanicus (6, 7) .
Transplacental infections of H. canis have also been reported (8) , and a recent case-control study, using structural equation modelling, found that younger dogs are more likely to be infected with H. canis compared to adult dogs (9) . Interestingly, H. americanum may additionally be spread via ingestion of prey containing the cystozoite stages of the parasite.
However this mode of transmission has not been evaluated for H. canis (4) .
Clinical signs of H. canis relate to the severity of the parasite burden. It frequently causes a chronic sub-clinical infection. Dogs commonly may have a low parasite burden (<1% of neutrophils containing gamonts) and be asymptomatic or show only mild clinical signs, whereas more severe clinical signs including fever, lethargy and emaciation are noted with high parasite burdens (4, 10, 11) . In published case reports of dogs suffering from clinical signs of H. canis, the percentage of neutrophils containing gamonts varied from 21% to 90% (12) (13) (14) . The commonly reported periostitis caused by H. americanum has also occasionally been reported with H. canis, and can be associated with skeletal and muscle pain (8, 14, 15 
Molecular investigation, sequencing and phylogenetic analysis
For all three cases DNA was extracted from 100 L of EDTA-blood using a commercial kit (NucleoSpin® Blood, Machery-Nagel, Germany) according to the manufacturer's instructions. For the VBD testing, previously described conventional PCR assays , were used to detect infection with Ehrlichia/Anaplasma spp. (38) (44), and have been reported to be deficient in oxidative bactericidal capacity (45) .
The mild non-regenerative anaemia noted in this case was attributed to anaemia of inflammatory disease, despite the lack of an inflammatory leukogram. The anaemia did improve with treatment; however, a borderline anaemia still remained on the final haematology. Also, in Case 1 there was a mild hyperglobulinaemia and hypoalbuminaemia, as with other reported cases of canine hepatozoonosis due to H. canis (4, 17) . The hypoalbuminaemia most likely was due to an acute phase protein response or developed in compensation to the hyperglobulinaemia, and the hyperglobulinaemia likely reflected chronic inflammation. The timing of clinical presentation of all 3 dogs would suggest that they became infected during summer when R. sanguineus is most abundant and there is increased risk of pathogen transmission (46) . Therefore, veterinarians should be aware that dogs imported to UK, or having a travel history to, countries where H. canis is endemic during summer or early autumn are more likely to have acquired this pathogen compared to dogs imported during the winter or spring. Still, given the existence of chronic subclinical infection with H. canis, it is possible that dogs imported all year round could develop clinical signs.
Blood smear examination was the most important diagnostic step in order to identify the Hepatozoon gamonts and establish the infection in these three cases. The morphology of the gamonts alone cannot distinguish infecting species and given the different prognosis and treatment recommendations, PCR and sequencing were performed (4). Interestingly, none of the three cases presented here were found to be co-infected with other vector-borne pathogens that have frequently been reported in H. canis-infected dogs, such as A. platys, E. canis, or L.
infantum (21) . These other vector-borne pathogens are common in the canine population of Cyprus (9, 19, 47) and for Cases 1 and 3 there were clinical concerns initially for E. canis coinfection, thus doxycycline was administrated. Interestingly, the highest PCR prevalence (37.9%) recorded for Hepatozoon felis in cats has been reported in Cyprus, and H. felis infected cats are 12 times more likely to be co-infected with Leishmania infantum compared to the cats that are PCR negative for H. felis (48, 49) .
Imidocarb dipropionate has been described as the drug of choice for treatment of hepatozoonosis caused by H. canis (4) . However, as in Cases 2 and 3, imidocarb dipropionate has been described as being ineffective in eliminating H. canis infection, despite repeated administration over a period of eight months to three naturally infected dogs (34) . In all of our three cases, treatment resulted in a decrease in the peripheral parasite burden, and eventual absence of Hepatozoon gamonts on blood smear examination, and a negative Hepatozoon spp. PCR result on blood in Case 1. As PCR was not performed on haemolymphatic tissues, complete elimination of the infection could not be confirmed for Case 1. Complete elimination of the parasitaemia is difficult to determine on examination of peripheral blood smears alone. This is also supported by a published case report of a dog in Japan described as having a positive blood PCR for H. canis 242 days after diagnosis, despite an absence of gamonts on peripheral blood smear examination (13 (29) so, the overall risk of H. canis transmission in the UK is thought to be very limited.
These findings, alongside the identification of various non-UK endemic infectious pathogens in imported dogs has sparked discussion of altering the current PETS following the Brexit referendum (59) . Possible reintroduction of a requirement for acaricide treatment of dogs by a veterinarian 24-hours prior to entry into the UK has been considered as a measure for reducing the risk of tick importation in the UK. Still, it is questionable whether it would be effective as demonstrated by Cases 2 and 3 that, despite receiving acaricides prior to travelling, both dogs were still found to be infested with ticks upon arrival. A modification of this scheme for acaricide treatment of dogs 48-72 hours, followed by examination by a veterinarian 24 hours, prior to entry into the UK, to document an apparent absence of ticks could also be discussed. Implementing stricter requirements, for example a 10-day quarantine facility stay and extensive infectious agent screening such as those in existence in Australia (http://www.agriculture.gov.au/cats-dogs/step-by-step-guides/category-3-step-by-stepguide-for-dogs), could also be explored.
In the era of increased canine international travel, UK veterinary surgeons and diagnosticians should be aware of H. canis infection. Dogs with a travel history from endemic countries, especially from Southern Europe, are advised to be molecularly tested for
Hepatozoon spp. alongside other VBD and blood smear evaluation. 
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